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(f) α = 40°; β = 8°.

Figure 24.  Concluded.
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Figure 25.  Baseline grit pattern compared to nose-ring-only pattern. Longitudinal properties.
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(a) α = 30°.

Figure 26.  Baseline grit pattern compared to nose-ring-only pattern. Lateral-directional properties.
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(b) α = 35°.

Figure 26.  Continued.
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(c) α = 40°.

Figure 26.  Concluded.
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(a) α = 20°; β = 0°.

Figure 27.  Comparing tunnel forebody pressure data with baseline grit pattern plus frontal grit to baseline grit pattern
and flight data without grit.
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(b) α = 30°; β = 0°.

Figure 27.  Continued.
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(c) α = 35°; β = 0°.

Figure 27.  Continued.
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(d) α = 40°; β = 0°.

Figure 27.  Continued.
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(e) α = 40°; β = 4°.

Figure 27.  Continued.
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(f) α = 40°; β = 8°.

Figure 27.  Concluded.
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(a) α = 20°; β = 0°.

Figure 28.  Comparing tunnel LEX pressure data with baseline grit pattern plus frontal grit to baseline data and flight
data without grit.

FS 357FS 296

-1.0 -.5 0 .5 1.0
-.5

-1.0

-1.5

-2.0

-2.5

-3.0

y/s 

-1.0 -.5 0 .5 1.0
y/s 

-1.0 -.5 0 .5 1.0
y/s 

Cp

0

-.5

-1.0

-1.5

-2.0

-2.5

Cp

0

-.5

-1.0

-1.5

-2.0

-2.5

Cp

FS 253

Test

7 × 10

7 × 10

M∞

0.30 

0.30 

α, deg 

20.0

20.0

β, deg 

0.1

0.1

1.39 × 106

1.41 × 106

Grit 

Baseline + frontal

Baseline

Interpolated 

Yes

Yes 

Flight 0.30 20.0 -0.3 12.70 × 106 No grit No

Re c



83

(b) α = 30°; β = 0°.

Figure 28.  Continued.
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(c) α = 35°; β = 0°.

Figure 28.  Continued.
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(d) α = 40°; β = 0°.

Figure 28.  Continued.
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(e) α = 40°; β = 4°.

Figure 28.  Continued.
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(f) α = 40°; β = 8°.

Figure 28.  Concluded.
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Figure 29.  Baseline grit pattern plus frontal grit compared to baseline grit pattern. Longitudinal properties.
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Figure 30.  Baseline grit pattern plus frontal grit compared to baseline grit pattern. Lateral-directional properties.
α = 40°.
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(a) α = 20°; β = 0°.

Figure 31.  Comparing tunnel forebody pressure data with baseline grit pattern plus side grit to baseline grit pattern and
flight data without grit.
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(b) α = 30°; β = 0°.

Figure 31.  Continued.
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(c) α = 35°; β = 0°.

Figure 31.  Continued.
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(d) α = 40°; β = 0°.

Figure 31.  Continued.
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(e) α = 40°; β = 4°.

Figure 31.  Continued.
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(f) α = 40°; β = 8°.

Figure 31.  Concluded.
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(a) α = 20°; β = 0°.

Figure 32.  Comparing tunnel LEX pressure data with baseline grit pattern plus side grit to baseline grit pattern and
flight data without grit.
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(b) α = 30°; β = 0°.

Figure 32.  Continued.
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(c) α = 35°; β = 0°.

Figure 32.  Continued.
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(d) α = 40°; β = 0°.

Figure 32.  Continued.
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(e) α = 40°; β = 4°.

Figure 32.  Continued.
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(f) α = 40°; β = 8°.

Figure 32.  Concluded.

FS 357FS 296

-1.0 -.5 0 .5 1.0
-1.0

-1.5

-2.0

-2.5

-3.0

-3.5

y/s 

-1.0 -.5 0 .5 1.0
y/s 

-1.0 -.5 0 .5 1.0
y/s 

Cp

-.5

-1.0

-1.5

-2.0

-2.5

-3.0

Cp

-.5

-1.0

-1.5

-2.0

-2.5

-3.0

Cp

FS 253

Test

7 × 10

7 × 10

M∞

0.30 

0.30 

α, deg 

40.0

40.0

β, deg 

8.0

8.0

1.37 × 106

1.39 × 106

Grit 

Baseline + side

Baseline

Interpolated 

Yes

Yes 

Flight 0.26 40.4 7.5 9.97 × 106 No grit No

Re c



102

Figure 33.  Baseline grit pattern plus side grit compared to baseline grit pattern. Longitudinal properties.

-10 0 10 20 30 40 50
α, deg 

-.5

0

.5

1.0

1.5

2.0

CL

-.5

0

.5

1.0

1.5

2.0

CL

-.5

0

.5

1.0

1.5

2.0

CL

Test

7 × 10 
7 × 10 

M∞ 

0.301
0.301

Re c

1.37 × 106

1.41 × 106

Grit 

Baseline + side
Baseline

Interpolated 

No
No

0 .4 .8 1.2 1.6
CD

.3 .2 .1 0 -.1
Cm



103

Figure 34.  Baseline grit pattern plus side grit compared to baseline grit pattern. Lateral-directional properties.α = 40°.
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(a) α = 20°; β = 0°.

Figure 35.  Comparing tunnel forebody pressure data with baseline grit pattern modified with narrower twin strips to
baseline grit pattern and flight data without grit.
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(b) α = 30°; β = 0°.

Figure 35.  Continued.
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(c) α = 35°; β = 0°.

Figure 35.  Continued.
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(d) α = 40°; β = 0°.

Figure 35.  Continued.
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(e) α = 40°; β = 4°.

Figure 35.  Continued.
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(f) α = 40°; β = 8°.

Figure 35.  Concluded.
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(a) α = 20°; β = 0°.

Figure 36.  Comparing tunnel LEX pressure data with baseline grit pattern modified with narrower twin strips to base-
line grit pattern and flight data without grit.
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(b) α = 30°; β = 0°.

Figure 36.  Continued.
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(c) α = 35°; β = 0°.

Figure 36.  Continued.
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(d) α = 40°; β = 0°.

Figure 36.  Continued.
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(e) α = 40°; β = 4°.

Figure 36.  Continued.
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(f) α = 40°; β = 8°.

Figure 36.  Concluded.
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Figure 37.  Baseline grit pattern modified with narrower twin strips compared to baseline grit pattern. Longitudinal
properties.
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Figure 38.  Baseline grit pattern modified with narrower twin strips compared to baseline grit pattern. Lateral-directional
properties.α = 40°.
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Figure 39.  Differential longitudinal properties.
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Figure 40.  Averaged differential longitudinal properties.
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A subsonic study of high-angle-of-attack gritting strategies was undertaken with a 0.06-scale model of the F/A-18,
which was assumed to be typical of airplanes with smooth-sided forebodies. This study was conducted in the
Langley 7- by 10-Foot High-Speed Tunnel and was intended to more accurately simulate flight boundary layer
characteristics on the model in the wind tunnel than would be possible by using classical, low-angle-of-attack grit-
ting on the fuselage. Six-component force and moment data were taken with an internally mounted strain-gauge
balance, while pressure data were acquired by using electronically scanned pressure transducers. Data were taken
at zero sideslip over an angle-of-attack range from 0° to 40° and, at selected angles of attack, over sideslip angles
from −10° to 10°. Free-stream Mach number was fixed at 0.30, which resulted in a Reynolds number, based on
mean aerodynamic chord, of 1.4 × 106. Pressure data measured over the forebody and leading-edge extensions are
compared to similar pressure data taken by a related NASA flight research program by using a specially
instrumented F/A-18, the High-Alpha Research Vehicle (HARV). Preliminary guidelines for high-angle-of-attack
gritting strategies are given.
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